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EUROPEAN RECOMMENDATIONS FOR COLD-FORMED SHEET STEEL IN BUILDING 
by E. R. Bryan * 
Introduction 
The European Convention for Constructional Steelwork (ECCS) was formed in 
1955 and comprises fourteen national trade assocations representing the 
structural steelwork industry of each country. It carries out a range of 
activities directed towards the development of increased and more efficient 
use of constructional steelwork. 
An important aspect of its activities is to exploit the results of research 
in member countries by the preparation of efficient design codes and . 
standards. In particular it publishes "European Recommendations" which 
are "umbrella" codes to draw together and unify the various National Codes 
of Europe so that designs from one country will be more readily accepted in 
another. It has Advisory Committees (designated Al to A5) and Technical 
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Each of the member countries takes it in turns to provide the President of 
ECCS and to act as hosts for the Annual Meeting. The Technical General 
Secretary is Dr. A. Carpena, based in Brussels. 
The particular Committee with which this conference is concerned is Committee 
T7 "Cold-Formed Thin-Walled Sheet Steel" which was inaugurated in 1973 on the 
initiative of Professor R. Baehre, whom I succeeded as Chairman in 1977. 
The topics of cold-formed steel or thin-walled members are also touched upon 
* Professor of Structural Engineering and Pro-Vice-Chancellor. 
University of Salford. England. 
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by Committee A1 ''Multi-Storey Buildings" in dealing with the design of 
composite floors with profiled steel sheet, by Committee T2 "Aluminium Alloy 
Structures", and by Committee T8 "Stability". Committee T7 works in 
conjunction with these other committees. 
ECCS Committee T7 
Committee T7 consists of thirteen members from ten European countries, one 
associate member from the United States and two consulting experts. In 
addition there are four members from the International Council for Building 
Research (CIB) who join with the Committee to form the ECCS/CIB Joint Group. 
At present there are three Task Groups attached to Committee T7 as follows: 
T7.1 "Design of cold formed steel sheeting and sections" 
(Chairman Dr. P. O. Thomasson, Sweden). 
T7.2 "Design of connections in thin-walled structural elements" 
(Chairman A. W. Toma, Netherlands). 
T7.3 "Good practice in the field of steel cladding and roofing" 
(Acting Chairman D. Stemmann, Germany). 
The Task Groups consist of members from the main committee, of other 
specialists in the particular field concerned, and of corresponding members, 
so that the best possible expertise is brought together. Their brief is to 
produce European Recommendations which represent the best practice available 
and which will be acceptable to the member countries. It is remarkable how 
much unanimity has been achieved to date. 
European Recommendations 
It has already been stated that the European Recommendations are intended as 
"umbrella" regulations to influence National and International Standards, so 
that design procedures in the various countries will gradually converge. For 
cold formed steel, this aim is reinforced by the fact that the members of 
Committee T7 are prominent in influencing the codes of practice in their own 
countries. 
The timing of the work is also important. For instance, in Britain, the 
British Standard on "The use of structural steel in building" is at present 
under extensive review. This is being produced in several parts and I am 
Chairman of Part 2 "Code of Practice and Specification for cold formed 
sections and profiled steel sheeting" on which detailed work will start 
shortly. The European Recommendations are bound to influence this Standard. 
The same position applies in Sweden, Germany and France, and may also apply 
to the United States. 
In the international sphere, Sweden has been nominated as the convening 
country for producing ISO standards on cold formed steel. It is expected 
that the European Recommendations will have an important influence on these. 
They will also have considerable effect on the statutory Eurocodes now being 
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prepared under the auspices of the European Economic Community (EEC). 
From this survey, it is apparent that the position of codes of practice in 
Europe is complex and is likely to remain so for some time. In these 
circumstances Committee T7 acts as a forum for the dissemination of knowledge 
and the ECCS/CIB Joint Group acts as a focus for East/West discussions on 
cold formed steel. 
It may well be that the various European Recommendations are not as well 
publicised as they might be. It is expected that the position will improve 
in the near future. 
Cold Formed Steel in Europe 
Cold rolled steel sections (Fig. 1) should be one of the most efficient and 
economic of structural members. The raw material arrives in a convenient 
coil, already galvanised and cut to the correct width. The rolling process 
is fast, and the sections may be automatically punched and cut to length by 
inserting appropriate data cards into the machine. The profile is tailor-
made to suit the particular application, and the sections usually nest together 
so that they are convenient to handle and transport. With these special 
features, it is perhaps suprising that these sections are not more widely 
used in construction than they are at present. 
In fact, the major use of cold formed sections in building in Europe has been 
as purlins (Fig. 2) or sheeting rails (Fig. 3). However, recently there have 
been moves to use sections in other structural applications, e.g. as columns 
and beams in raised storage platforms (Fig. 4), as wall studs, as main frame 
members, as roof trusses, and other situations. These developments are now 
quickening in pace as cold formed steel becomes increasingly more competitive 
in price with timber and hot rolled steel. 
In the field of sheeting and cladding, steel has progressed enormously in 
recent years. In Sweden, profiled metal sheeting accounts for 90% of the 
roofs and 70% of the walls in industrial buildings, and the annual consumption 
of profiled steel and aluminium sheeting is approximately 3 square metres per 
head of the popUlation. The profiles have become more sophisticated (Fig.5) 
and can span up to 40 feet or 12 metres (Fig. 6). 
In the rest of Europe, the use of sheet steel in construction is important, 
although it does not approach the Swedish figures. For instance, in Britain, 
a breakdown in cost of an actual 100 foot span x 300 foot long x 20 foot high 
to eaves (30 m x 90 m x 6 m) pitched roof building with steel sheeting is as 
follows: 
% 
Main frames 27 ) 
Gable framing 3 ) hot rolled steel 31% 
Tubular bracing 1 ) 
Purlins and sheeting rails 6 ) 
Roof sheeting 23 ) cold formed steel 42% 
Side sheeting 13 ) 
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% 
Gutters and downpipes 3 
Insulation to roof and walls 24 
100 
It is seen that the cost of the cold formed steel exceeded that of the hot 
rolled steel, although the latter accounted for almost all of the design 
effort. 
Further evidence of the importance of cold-formed steel in industrial build-
ings is given by the figures in Table 1 which relate to three pitched roof 
portal frame buildings which were fabricated by one of the largest construct-
ion firms in Britain. 
Building 1 Building 2 
Floor area 22,000 sq.ft. 17,000 sq.ft. 
(204Om2 ) (1 580m2 ) 
Spacing of frames 20 ft. (6m) 20 ft. (6m) 
Weight Cost Weight Cost 
Tonnes* £",* Tonnes £ 
Hot rolled steel 61 19,570 26 10,471 
Cold formed steel 7 2,360 7 2,540 
Steel sheeting 15.3 8,289 12.6 7,207 
", 1 tonne - 2205 lb. ",* £1 ~ $2 approximately 
Table 1. Cost of hot rolled and cold formed 




20 & 26.7 ft. 






It can be seen from Table 1 that the cost of cold formed sections and sheeting 
was of the same order as the cost of the hot rolled steelwork, yet again, 
the design effort involved in specifying the cold formed sections and sheeting 
was minimal. In most cases, the safe load tables given in a manufacturers 
catalogue are regarded as adequate. 
If design in cold formed steel is to grow and to be at least as challenging 
as design in fabricated steel or prestressed concrete, then 
(1) 
(2) 
there must be soundly based and comprehensive 
codes of practice 
the subject must be taught at undergraduate level 
in Universities. 
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At present these two conditions are not fully met in most European countries 
and so consulting engineers and architects are not as familiar with the 
subject as they might be. It is to be hoped that the European Recommend-
ations pill stimulate interest in this field just as the AISI Cold Formed 
Design Manual has done in the United States. State-of-the-Art surveys(1) 
and surveys of current research(2) have also served to keep engineers up 
to date with the subject. 
In Europe, various National Standards on cold formed sections already exist, 
e.g. (3), (4) and (5) and preliminary European Recommendations(6) were 
prepared by Task Group 7 of ECCS Committee T8. In addition, European 
Recommendations on the design of composite floors(7) were prepared by 
ECCS Committee A 1 • . 
It is against this background that Committee T7 commenced work. 
The Work of ECCS Committee T7 
In preparing European Recommendations, the philosophy of the Committee was 
to concentrate first on newer topics on which there were no National 
Standards and therefore less controversy. The next stage was to tackle 
the more established areas of sheeting and sections, connections, and 
practical aspects. 





Stressed skin design of steel structures(8) 
Testing of profiled metal sheets(9) 
Testing of connections in profiled sheeti~g 
and other light gauge steel components(10) 
Design of profiled sheeting a~d sections: 
Part 1 - profiled sheeting(11) 







Design of profiled sheeting and sections: 
Part 2 - cold formed sections (1982) 
Design of fastenings in thin-walled structural 
elements (1980 
Mechanical fasteners for use in thin-walled 
structural elements (1981) 
Testing of fasteners for use in thin-walled 
structural elements (1981) 
Good practice in the field of steel cladding 
and roofing (1982). 
Contents of European Recommendations 
The ~bove docum~n's will now be discussed in greater detail to give an 
understanding of their ~ontents and significance. 
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(1) Stressed Skin Design. This is largely based on the work carried 
out at the University of Salford on the calculation of diaphragm strength 
and stiffness, and its application to structures. The complete theoretical 
method is given together with tables giving data for any sheeting profile, 
most fastener arrangements, the effect of intermediate purlins, the effect 
of spanning directly between frames, fastener strength and slip, and the 
effect of insulation board. Worked examples are given, and the work is 
extended to include folded plate roofs. The work has been verified by 
full scale tests(12), (13) (Figs. 7 and 8). In addition the necessary 
conditions to ensure the safety of the stressed skin structure at all 
stages of construction and use are enumerated. 
The Recommendations have been used in a typical design example(14) which 
consists of the rectangular building shown in Fig. 9, with 2.5 in. deep x 
0.028 in. thick (63 mm x 0.7 mm) profiled steel roof deck. Under side 
wind load the lateral deflection of the central frame is as given in 
Table 2:-
Case 1. Rigid Case 2. Pin Case 3. Rigid 
jointed frames jointed frames jointed frame 
alone with diaphragm with diaphragm 
action in roof action in roof 
Frame 
section 24"x 9" I 24"x 9" I 
Deflection 
of central 1 .0" 1.05" 0.55" 
frame (25 mm) (27 mm) (14 mm) 
Table 2. Side deflection of central frame 
in Fig. 9 under wind load. 
It is seen from Table 2 that the effect of diaphragm action is very nearly 
equivalent to the effect of rigid joints in the frames. Alternatively, 
the diaphragm can be considered to be equivalent to bracing in the plane 
of the roof. The resultant saving is about 10% of the cost of the steel-
work and sheeting. 
The method given in the European Recommendations has been programmed for a 
computer by Davies and the results published as a series of tables giving 
c~lculated dia)hragm loads and deflections for a wide range of roof deck 
d1aphragms (15. It has also been taken into account in the preparation 
of the new AISI code on "Design of light gage steel diaphragms". 
(2) Testing of Profiled Metal Sheets. Although the design of profiled 
sheeting is usually carried out by calculation, it is sometimes necessary 
to test, especially if it is required to give. approval to sheeting from 
another country. In this case it is highly,desirable to have a standard-
ised testing procedure. 
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Detailed information is given on testing methods under distributed loads, 
point loads, pressure bags and suction chambers. The following types of 





bending at midspan (pure bending) 
bending at a support (combined bending 
and reaction). This condition may be 
checked on the full scale, or the 
correct ratio of moment: reaction 
for a double span sheet may be obtained 
by testing on a single span of 0.4 x 
actual span, as shown in Fig. 10. 
shear at end support (line load 
deformation) 
concentrated loading (local load on 
4" x 4" applied to one corrugation). 
The Recommendations specify the values to be reported and give notes on the 
interpretation of test results. 
(3) Testing of Connections. The testing of connections in light gauge 
steel components is important since connections are often the weakest link 
in a structural system and are not always amenable to calculation. The 







standard shear test (Fig. 11) 
alternative shear test (diaphragm action 
apparatus, suitable for sidelaps) 
standard tension test (Fig. 12) - to 
produce failure in modes 1 - 4 of Fig.13 
alternative tension tests 1 and 2 - to give 
information about sheet deformation in mode 
5 of Fig. 13. 
large scale tension tests 
repeated loading tests. 
The Recommendations give information on the recording and evaluation of the 
test results. A comprehensive series of standard shear tests on a wide 
range of fasteners has been carried out at the University of Salford(16). 
(4) Design of Profiled Sheeting. These Recommendations, although based 
on the AISI manual, include the latest design methods which have been 
promulgated in Sweden. The main chapter "Design of sheeting by calculation" 
includes the following topics:-
(a) maximum width to thickness ratio (element 
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flange curling 
element in uniform compression - effective width. 
The expression used is based on the AISI formula 
so far as strength is concerned, but a modified 
expression is used for effective width in calcul-
ating deflections. 
bending radius 
element under stress gradient, e.g. webs. 
Expressions for the effective depth of the web 
are given. 
element with intermediate stiffeners in uniform 
compression. The treatment given in the main 
part of the document differs from the AISI method, 
but the latter will be included in an appendix. 
transverse shear in sheeting - web without and 
with longitudinal intermediate stiffeners. 
web crippling under concentrated load or reaction -
web without and with stiffeners. The design 
expression used for crippling of a single web was 
derived in Sweden and depends on the material 
properties of the sheeting, the thickness, the 
bending radius, the bearing length and the angle 
of the web. It is independent of the height of 
the profile. Although the expression has been 
borne out by the results of Swedish tests, 
another design expression for concentrated load 
or reaction, suggested by the Netherlands, may 
be included in an Appendix. 
combined bending and shear force. 




+ < 1.3 
actual bending moment 
bending capacity of profile without 
consideration of shear force 
actual shear force 
shear capacity of profile without 
consideration of bending moment 
combined bending and concentrated reaction or load. 
The design expression given is 
M ~ 1.00 when R ~ Rd ~ 0.25 
and M R R 










actual bending moment 
bending capacity of profile 
considering bending only 
actual support reaction or 
concentrated load 
support reaction or concentrated 
load capacity accord~ng to (h) 
above. 
inelastic reserve. This factor, which has been 
mainly researched in the United States, may be 
taken into account in appropriate cases. 
concentrated point loads 
perforated sheeting. Increasingly, sheeting 
is perforated for acoustic reasons. The 
main document specifies that such sheeting 
should be designed by testing, but it is hoped 
to include an Appendix with a calculation 
method. 
sheeting under axial force 
combined bending and axial compression 
The Recommendations also include six design examples which give full 
calculations for the various types of profile. 
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(5) Design of Cold Formed Sections. Work on these Recommendations has 
only recently commenced and so it is not possible to comment in detail-on 
















Special structural systems 
Connections 
Testing 
In preparing the ~gJommendations, Task Group 
preliminary draft produced by the earlier 
by the European Cold Rollers Association). 
aware of the AISI cold formed design manual, 
revisions proposed for that document. 
T7.1 will commence with the 
Task Group T8.7 (and accepted 
It will also be very much 
and will bear in mind the 
(6) Design of Fastenings. The term "fastening" includes not only the 
fastener, but also the surrounding material, and design may be concerned 
with one fastening or a group of fastenings which go to make up a connection. 
Task Group T7.2. which is well advanced in preparing the Recommendations, 
have considered the design of fastenings made with bolts, self tapping and 
self drilling screws, blind rivets and cartridge fired pins. They have not 
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made recommendations on the welding of sheet steel used in construction, 
because this technique is not widely used in Europe. 
It has been found in the work carried out in Sweden, the Netherlands and the 
U.K., that it is reasonably easy to predict the ultimate strength of 
fastenings, and design expressions will be given for the various cases. It 
is much more difficult, however, for the slip or deformation of fastenings 
to be predicted except by testing. 
This difficulty in predicting the stiffness of connections makes elastic 
design by purely theoretical methods almost impossible. For instance,.in 
cold rolled multispan purlins, which are joined by sleeves or overlapping 
at the supports, it is necessary to know the moment/rotation characteristics 
of the joint. The method of determining this experimentally is shown in Figs. 
14 and 15, and a typical moment/deflection curve is shown in Fig. 16. This 
information is then fed into the slope-deflection equations. 
In the design of fastenings, it is important "that the mode of failure should 
be ductile in order to redistribute the forces between the fastenings in a 
group and prevent sudden collapse. It is highly desirable to proportion 
the connection so that failure does not occur in the fastener itself, a mode 
which is brittle and sudden. 
All of these points are considered iIi the Recommendations. 
(7) Mechanical Fasteners. In the course of the work of preparing 
European Recommendations on the design of fastenings, Task Group T7.2 
compiled a great deal of information on the fasteners themselves. This 
was to be expected, since the group included at least one representative 
from a major manufacturer of each type of fastener considered. 
Consequently it was decided to prepare a compendium on types of fasteaers, 
the uses for whieh they should be employed, and good practice concerned 
with their use. This information is to be published as a separate Euro-
pean Recommendations. 
(8) Testing of Fasteners. It has already been stated that a fastening 
should fail in the sheet steel surrounding the fastener, e. g. by elong-
ation of the hole, piling up of material in front of the fastener, etc., 
rather than by failure of the fastener itself. European Recommendations 
on the testing of connections have already been published, so it was 
decided to complete the information by preparing Recommendations on the 
testing of the fasteners themselves. It will then be possible to specify 
what requirements are necessary to prevent brittle modes of collapse 
associated with fastener failure. 
(9) Good pra~tice in Steel Cladding and Roofing. Although each European 
count~ has ~ts own codes and document~ r~lating to pr~ctical aspec~s ~f 0) sheet~ng and cladding, e. g. in Sweden tl7 ), Germany(18J and Britaint19 (2 , 
it was considered to be useful if these various practices could be compared 
to see what features they had in common, and where they differed. It was 
hoped, as a result, to draw together the common good features so that each 
country could learn from the others. 
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The chapters in the Recommendations which are being prepared are: 
1. General 
2. Design 
3. Types of construction 
4. Building physics 
5. Fixings 
6. Erection 
7. Maintenance and inspection 
It is already apparent that there are great differences in the methods of 
using profiled sheets in building. Climatic conditions, national standards 
and traditions are all important factors. Nevertheless, the exercise is a 
most useful discipline, if only in getting countries to examine why they 
use sheeting in the way they do. 
The above European Recommendations should stimulate the use of cold rolled 
steel in Europe. Moreover, they should help. in the interchange of products 
across the borders. At present, for instance, if a British product is to 
be accepted in Germany or Sweden, it has to be fully assessed by the approp-
riate state authority, which is an expensive and time consuming operation. 
A common design philosophy should help a great deal in lubricating this 
operation. 
The Future of Cold Formed Steel in Europe 
After the war, there was great activity in the field of cold formed steel 
buildings(21) stimulated partly no doubt by the need to use steel to the 
best possible advantage (Fig. 17). This promise was not altogether sus-
tained, perhaps due to the fact that hot rolled steel became readily avail-
able and was relatively cheap compared with labour costs. 
Recent developments in production techniques, particularly the automatic 
cutting and holing of members, with consequent reduction in the cost of 
jointing, now appear to be changing the economic climate with regard to 
the use of cold formed steel members in trusses and frames. 
Another possibility in the design of jointed cold formed members, is to 
consider the use of plastic design. If the first plastic hinges in a 
mechanism form in the joints, which can be designed to have ample rotation 
capacity, and the last plastic hinges form in the member itself (with 
limited rotation capacity), then there is no reason why plastic design 
should not be used. In this way, the lack of precise information on the 
moment/rotation relationship of the joint is no deterrent, provided it does 
not affect the order of formation of plastic hinges. 
In the field of sheeting, the new economic profiles already mentioned and 
new techniques such as a patented process for curving profiled sheeting to 
a small radius (Fig. 18), together with the attractive coatings nowavail-
able, will ensure that steel sheeting will continue to capture an increasing 
share of the market. 
Imaginative use of cold formed sections and sheeting in combination, using 
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standard fasteners, will also help to optimize designs. Such an 
application is shown in Figs. 19 and 20 in which the overlapped sheeting 
fastened to the cold formed section creates a closed section with vastly 
improved torsional characteristics, and at the same time gives substantial 
end fixity to the sheeting. 
It is apparent that there are many opportunities for the development and 
use of cold formed steel products in buildings. It is to be hoped they 
will be taken. 
Conclusions 
The work carried out by ECCS Committee T7 is already having an influence on 
the design and practice of cold formed steel sheeting and sections in Europe. 
The close links with the United States in this work are highly appreciated, 
and the involvement of eastern European countries in the ECCS/CIB Joint 
Group is valuable in drawing together the best expertise from all countries. 
It is anticipated that the European Recommendations already produced and 
those in the course of preparation should make an important contribution to 
stimulating interest in cold formed steel and in its development over the 
next few decades. 
Suumary 
A considerable effort is being made by Committee T7 of the European 
Convention for Constructional Steelwork to harmonize the National Standards 
of th~ various countries in the field of cold formed steel sections and 
sheet~ng. A n~ber of European Recommendations have already been published, 
and others are ~n the course of preparation, which should stimulate the use 
of these products. 
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Fig. 3. Zed section sheeting rails 






Stiffened 4 . Ln. and 8 in. deep d ecking profiles 
Ln. deep steel decking Long span 8 • 
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Fig. 7. Test on 40 ft. span stressed skin building 
Fig . 8. Test on 72 ft. span folded plate roof 
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Fig. 9. Building used for design example 
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Fig. 10. Equivalent test for double spar sheeting 
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Fig. 12. Standard tension test on fastener 
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Fig. 13. Modes of tension failure of fastenings 
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Fig. 14. Experimental method of obtaining moment/rotation 
characteristics of sleeve, i.e. case (c) = 
case (a) - case (b) 
Fig. 15. Test on sleeved purl in corresponding to 
case (a) above 
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Deflection of plain purlin 
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Fig. 16. Moment/deflection curve of sleeved purl in 
Fig. 17. Industrial building of cold formed steel -
c. 1950. 
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Experimental building with cold formed 
steel frames and sheeting 
Shftt inq spons bet''''QQn (rames 
I 
Combined use of sheeting and frames in 
experimental building 
